INTRODUCTION
The Japanese pond frogs Rana porosa brevipoda and Rana nigromaculata are closely related phylogenetically and have similar ecological requirements (Maeda and Matsui, 1989) . Postmating reproductive isolating mechanisms between these two species are quite incomplete. Although male hybrids are sterile, females hybrids are mostly fertile (see Maeda and Matsui, 1989; Matsui, 1996 for review).
Currently, natural hybridization between these two species has been reported at numerous localities of their sympatric ranges (Nishioka et al., 1981 (Nishioka et al., , 1992 . However, there is no study on the ethological and ecological factors causing natural hybridization between these two species.
In the northern part of the ma Basin, Nagano Prefecture (central Japan), an isolated population of R. porosa brevipoda is distributed sympatrically with R. nigromaculata, which has a wide range of distribution (Nishioka et al., 1981; Shimoyama, 1986a) .
In this region, frogs with intermediate external characters, which are considered to be natural hybrids, are also found (Shimoyama, 1986a (Shimoyama, , 1996 . Actually, Nishioka et al. (1981 Nishioka et al. ( , 1992 showed evidence of introgressive hybridization between the two species in this region based on the electrophoretic analyses of allozymes and blood proteins.
In the studies of comparative reproductive ecology and interspecific relationships of the two pond frogs, Shimoyama (1996) clarified the absence of premating reproductive isolation between the two species in the northern ma Basin. Shimoyama (1996) pointed out the absence of distinct segregation in diel, seasonal, and spatial patterns of breeding activity between the two species, which results in the formation of mixedspecies choruses comprising males of both species. Such a mixed-species chorusing is caused by the misidentification of heterospecifics as conspecifics by male R. nigromaculata (Shimoyama, 1999) . Shimoyama (1999) further documented similarities of vocal repertoires, advertisement call structures, and male social behavior between the two species.
In addition, Shimoyama (1999) demonstrated the occurrence of heterospecific pairing and spawning within the mixed-species choruses.
In the present paper, I first describe patterns of conspecific and heterospecific pairformation of the two species, with relation to the asymmetry in the heterospecific pairs and hybridization. I then discuss the possible proximate factors and influences of the asymmetric hybridization.
METHODS

Study area
This study was done in the breeding seasons of 1990, 1992, 1993, and 1995-1997 in sea level), Nagano Prefecture, central Japan. A detailed description of the study site is given in Shimoyama (1996) . Shimoyama (1996 Shimoyama ( , 1999 .
Observations on male behavior within the mixed-species choruses were made usually at 0500-0700hr, when males and females of both species are most active (Shimoyama, 1996) . When breeding activities were still very intense after 0800hr, observations were continued until 1000hr. The sum of behavioral observations was 265 hours. On every visit, I selected one or two mixed-species chorus (es) for observation of male and/or female behavior from nearby were used to ascertain individual identification. When gravid females were found around or within the choruses, I started the focal animal sampling (Martin and Bateson, 1986) for the females until they finished spawning.
After spawning, the number of eggs within each clutch was counted for the clutches of R. porosa brevipoda to determine whether it was a first or second clutch (see Serizawa, 1983 , Shimoyama, 1986b . I could judge the clutches to be first or second based on the relationship between female snout-vent length (hereafter SVL) and the number of eggs within the clutch (see below and Serizawa et al., 1990 the seven seasons were pooled. Histograms of the mature males (hereafter males) show two distinct size groups.
One is composed of smaller individuals with SVL of 40-50mm, and the other is composed of larger individuals with SVL of more than 50mm. The former group is estimated to be composed of 1-yr-olds, and the latter to be composed of older animals (see Inoue, 1979; Serizawa, 1983; Shimoyama, 1989 On the other hand, mature females (hereafter females) were not divided into distinct size groups. Females were estimated to be older than 1 year (Shimoyama, 1986b (Shimoyama, , 1989 . Mean SVL of male and female R. porosa brevipoda was 55.7mm (SE=0.31, N=344) and 62.5mm (SE=0.55, N=130), respectively. Females were significantly larger than males (Mann-Whitney U-test, z=9.03, p=0.0001). Figure 2 shows the relationship between the date of first discovery of calling and the male SVL. There was a significant tendency for smaller males to begin calling later in the season than larger males (r=-0.332, N=179, p=0.0001).
As shown in Fig. 3 , there was also a significant trend for larger males to call on more nights than smaller males (r=0.364, N=179, p=0.0001).
On the basis of the relationship between female SVL and number of eggs within the clutch, I could judge whether each clutch was a first or second one ( Fig. 4 ; see also Serizawa et al., 1990) . The average number of eggs within the estimated first clutches and the second ones were 1813.0 (SE=61.42, N=28) and 556.8 (SE=57.56, N=13), respectively. Figure 5 shows the relationship between the date of oviposition and the female SVL. There was a trend for larger females to deposit first clutches earlier in the season and deposit second clutches approximately a month later. But deposition of the second clutch was not observed in females of less than 63mm SVL.
During the course of the study, I found 62 conspecific pairs of R. porosa brevipoda. These pairs included unmarked individuals, whose size was not known. I observed the sequence of the pair-formation for 36 cases. As reported in Shimoyama (1993b) , two major patterns of the pair-formation were found. One was female initiation, and the other was forced clasping by males. 36 cases of the pairing sequence, 30 (83.3%) were initiated by the female. In all of the 30 cases, a gravid female visited only one calling male and mated with the first male she visited. Gravid females seemed to approach males which initiated bouts of calling more frequently. The remaining six cases of the pairing sequence were initiated by forced clasping by males: four and two females were clasped by calling males and satellite males, respectively (see Shimoyama, 1993b) . Figure 6 shows the relationship between the SVL of females and that of males in the conspecific pairs of R. porosa brevipoda. There was a significant positive correlation between the male and female sizes (r= 0.534, N=61, p=0.0001).
This phenomenon, which is called "size-assortative mating", has been considered to be evidence of female mate choice. However, Arak (1983) pointed out that size-assortative mating Breedinci of R. niromaculata Figure 7 shows the size distribution of mature R. nigromaculata.
SVL of males ranged from 49.0 to 80.8mm with a mean of 66.0mm (SE=0.39, N=172), and that of females from 60.0 to 83.0mm with a mean of 70.9mm (SE=0.67, N= 62). Males were estimated to be more than 1 year of age, and females to be more than 2 years of age (Shimoyama, 1989 
0.0001).
There was no trend between the date of the first discovery of calling and male size in Fig. 8 ). But there was a significant tendency for larger males to call on more nights than smaller males (r=0.598, N=84, p=0.0001; Fig. 9 ). Figure 10 shows the relationship between the date of oviposition and female SVL in 1990. There was a sig- Shimoyama, 1993a) .
During the course of the study, I found 30 conspecific pairs of R. nigromaculata. These pairs included individuals without markings. I observed the sequence of pairformation in 13 cases. Of these, 10 (76.9%) were initiated by forced clasping by males. That is, calling males chased and clasped the females by force.
In the remaining three cases, a gravid female visited a calling male and mated with the male. I could not obtain any evidence of active mate choice by females. No significant correlation was found between the male and female sizes in the amplectant pairs Heterospecific pair formation and hybridization I found a total of 12 heterospecific pairs. Of these, 11 (91.7%) were composed of a male R. nigromaculata and a female R. porosa brevipoda (Shimoyama, 1999) . Thus, remarkable asymmetry was observed in the combination of the heterospecific pairs. I observed the sequence of the heterospecific pair-formation for seven cases. In all of these heterospecific pairs, male R. nigromaculata dashed toward, chased, and clasped gravid females of R. porosa brevipoda which appeared in the mixed-species choruses. Most of the eggs deposited by these heterospecific pairs hatched normally (Shimoyama, 1999) . So far as I observed in either species, no gravid female approached calling heterospecific males. However, distinct asymmetry was found in the combination. Eleven of the 12 heterospecific pairs (91.7%) were composed of male R. nigromaculata and female R. porosa brevipoda. The ratio of the opposite combinations of the heterospecific pairs (11:1) was significantly different from the expected ratio (1:1; binomial test, p= 0.0063). A similar tendency was also found under experimental conditions (Shimoyama, 1989) . These tendencies suggest that the asymmetry in the combination of the heterospecific pairs was not affected by the difference in the number of individuals of the two species.
I will examine two ethological factors which might cause the asymmetry in the heterospecific pairings and hybridization.
(1) Difference of pairing sequence between the two species In R. porosa brevipoda, the majority of pair-formations was initiated by females. This indicates that males tend to wait for the visit of females. On the other hand, forced clasping by males was the major pairing pattern in R. nigromaculata (10 out of the 13 cases).
That is, male R. nigromaculata tended to dash toward and clasp any moving frog which appeared nearby. This distinct difference in the pairing sequence seems to be the most important factor causing the asymmetry in the heterospecific pairings.
(2) Difference of body size and shape As shown in Figs. 1 and 7, both male and female R. nigromaculata were much larger than R. porosa brevipoda.
In addition, both male and female R. nigromaculata can move more quickly than R. porosa brevipoda, because of the difference in body shape (see Maeda and Matsui, 1989) . It seems probable that male R. nigromaculata could easily clasp gravid females of R. porosa brevipoda. On the other hand, male R. porosa brevipoda could not easily clasp female R. nigromaculata, because female R. nigromaculata are too large and nimble to be clasped by force.
Influence of hybridization on the two species It is apparent that the costs of the hybridization for females are more serious than those for males. Females are forced to lose whole (or a half) of their gametes in the season by the hybridization, whereas loss of male gametes might be less. Hence, R. porosa brevipoda would suffer more serious costs than R. nigromaculata by the asymmetric hybridization.
In other words, the asymmetric hybridization causes one-sided damage to the population of R. porosa brevipoda.
Because female hybrids between the two species are fertile (see Maeda and Matsui, 1989; Matsui, 1996) , the female hybrids are able to produce offspring by means of backcrosses with males of either species.
Although I have no data on backcrosses, Nishioka et al. (1981 Nishioka et al. ( , 1992 showed evidence of introgression between the two species inhabiting this basin.
The introgression will also influence the decrease of the pure genes of R. porosa brevipoda.
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